Some characteristics of a newly recognized porcine enteric virus are described. Tentatively, the virus was referred to as porcine pararotavirus (PaRV) because it resembled rotaviruses in respect to size, morphology, and tropism for villous enterocytes of the small intestine. However, it was antigenically distinct from porcine, human, and bovine rotaviruses and reoviruses 1, 2, and 3, and the electrophoretic migration pattern of PaRV double-stranded RNA was distinct from the electrophoretic migration patterns of the rotaviral and reoviral genomes. By passage in gnotobiotic pigs, PaRV was isolated from two suckling diarrheic pigs originating from two herds. After oral exposure of gnotobiotic pigs, villous enterocytes of the small intestines became infected as judged by immunofluorescence, resulting in villous atrophy and diarrhea. Mortality was high when gnotobiotic pigs less than 5 days old were infected. The C strain of this virus was serially passed 10 times in gnotobiotic pigs, and electron microscopy, immunofluorescence, and serological tests indicated no extraneous agents. The virus was serially passed five times in cell cultures which contained pancreatin in the medium, but replication was negligible or absent, as the number of immunofluorescent cells decreased with each passage. Since rotaviral infections are frequently diagnosed by direct electron microscopy of fecal specimens, the presence of other morphologically similar viruses, such as PaRV, should be considered. The use of immune electron microscopy is suggested as a means of helping recognize this situation.
We have previously reported the detection of a rotavirus-like virus from the intestinal tract of a suckling pig with diarrhea (15) . Tentatively, we are referring to this virus as porcine pararotavirus (PaRV). However, the virus was in association with two other viruses, a calicivirus-like virus and a 23-nm virus. All three viruses were serially passed on gnotobiotic pigs, resulting in their replication in the intestinal tract and the occurrence of diarrhea.
Morphologically, the PaRV was indistinguishable from rotavirus by electron microscopy. However, immunofluorescence (IF) and immune electron microscopy (IEM) indicated that the virus was different from rotavirus or reovirus (15) .
This report describes studies on PaRV in regard to separation from a mixed viral population, methods for detection, differentiation from rotavirus and reovirus, and pathogenicity for gnotobiotic pigs. 
MATERIALS AND METHODS
Experimental infection of pigs. Gnotobiotic pigs were used in studies on transmission and experimental infections so as to minimize the presence of extraneous pathogens and guarantee a highly susceptible animal, using procedures previously described (12) . Specimens used for oral exposure usually consisted of a 1:10 dilution of large-intestine contents, having been collected aseptically from the donor pig by aspiration with syringe and needle. This latter procedure tends to minimize contamination with extraneous microorganisms and is considered highly important. As indicated in the text, some specimens were centrifuged and filtered through membrane filters.
Electron microscopy. Intestinal contents were examined by electron microscopy and IEM for detection and identification of viruses as previously described (14) . Briefly, 20% suspensions of sonicated and filtered large intestinal contents from PaRV-infected PORCINE PARAROTAVIRUS 313 pigs for IF staining. The routine and more commonly used method consisted of making mucosal smears on microscope slides from the duodenum, jejunum, and ileum as previously described (3) . By the second method, small segments from various portions of the small intestine were fixed in acetone for 30 min, dehydrated in additional acetone for 1 h or more, and then placed directly in melted paraffin in a vacuum oven at 60°C and 25 in. (63.5 cm) of Hg for 10 min (6). Specimens were then embedded in paraffin blocks and sectioned in the usual way. Sections were deparaffinized by rinsing in xylene, followed by a 5-min rinse in acetone. Smears or sections were stained for viral antigens by direct or indirect IF procedures.
For histological examinations, segments (2.5 cm) from the duodenum, jejunum, and ileum were fixed in 10% Formalin, embedded in paraffin, sectioned, and stained by azure and eosin as described previously (7) .
Electrophoresis of ds RNA. Rotaviral and porcine PaRV double-stranded (ds) RNA were extracted from the intestinal contents of infected gnotobiotic pigs by CF-11 cellulose chromatography by a previously described procedure (18) . Reovirus 3 ds RNA was extracted from infected L-929 cell cultures in a similar manner. The ds RNA preparations were subjected to electrophoresis in composite 2.5% polyacrylamide-0.5% agarose vertical slab gels prepared with Peacock Tris-borate-EDTA buffer, pH 8.3, and then stained with ethidium bromide as described previously (18) .
Cell cultures and media. Monolayers of primary pig kidney cells and the following cell lines were used for viral studies: fetal rhesus monkey kidney (MA104), swine testes (ST), and porcine kidney (PK15). Growth medium was Eagle minimal essential medium supplemented with 10% fetal bovine serum (Sterile Systems, Logan, Utah), penicillin (100 IU/ml), streptomycin (100 ,ug/ml), and mycostatin (25 U/ml). Maintenance medium was the same but did not contain serum. All cell cultures were rinsed and fed with maintenance medium at least 3 h before and rinsed again just before viral inoculation. Agar overlay for plaque detection was maintenance medium supplemented with 0.8% Noble agar (Difco Laboratories, Detroit, Mich.), 0.0007% neutral red, and pancreatin as indicated below.
Pancreatin A cell culture immunofluorescence test was used for detecting PaRV and rotaviruses by a method similar to procedures previously described (2, 5) . Cells were grown for 6 to 10 days in flat-bottomed, 96-well microtiter plates (Costar, Cambridge, Mass.), wells were rinsed as described above, and 0.15 ml of diluted viral specimens were inoculated into each well. Routinely, intestinal contents were tested at 1:25, 102, and 10' dilutions, using maintenance medium as diluting fluid. After viral inoculation, the plates were placed in centrifuge plate carriers (Dynatech Laboratories, Inc., Alexandria, Va.) and centrifuged at 2,800 rpm (1,300 x g) in a GLC-1 centrifuge (Ivan Sorvall, Inc., Norwalk, Conn.), using a type HL-4 head. In some tests, one drop (30 ,ul) of a 1:40 dilution of stock pancreatin solution was added to each well. After the plates were incubated at 37°C for 16 to 24 h in a 5% CO2 atmosphere, the medium was aspirated from individual wells and the wells were rinsed with phosphate-buffered saline (pH 7.2). The cells were fixed by adding to each well about 0.2 ml of a solution containing 80% acetone and 20% distilled water for a period of 10 min at room temperature (13) . The fixative was aspirated and replaced with phosphate-buffered saline and, after 5 min, aspirated and replaced with 30 ,ul of fluorescein isothiocyonate-conjugated viral antisera, if the direct IF staining procedure was used. Thereafter, the IF staining procedure was conventional. For indirect IF staining, the procedure was similar, except porcine antiviral sera were initially applied to the fixed monolayers, rinsed thoroughly with phosphate-buffered saline, and stained with fluorescein isothiocyonate-conjugated rabbit anti-porcine immunoglobulin G (Miles Laboratories, Inc., Elkhart, Ind.). Microtiter plates were inverted on the stage of a Dialux fluorescent microscope (Leitz/Opto-Metric Div. of E. Leitz Inc., Rockleigh, N.J.) equipped with a Ploem illuminator and a 200-W mercury arc lamp, and the monolayer in each well was viewed through 12.5x eyepieces and a lOx objective.
The viral antisera used in the indirect IF procedures and in preparing fluorescein isothiocyonate-conjugated antisera (17) were from gnotobiotic pigs which had convalesced from infection or had been hyperimmunized with the strains of viruses as listed below.
Serology. Plaque reduction neutralization tests were conducted in MA104 cells grown in 2-ounce (60-ml) bottles similar to a method previously described (10) . The viral strains used for these tests included: porcine rotavirus (OSU) (3, 16) Clinical signs and pathogenicity. After separation from extraneous viruses, the C strain was serially passed 10 times, using a total of 56 gnotobiotic pigs ranging in age from 7 h to 19 days. Diarrhea occurred in pigs at each passage level but was most severe and consistently produced in pigs less than 5 days old. Of 33 pigs exposed at 5 days of age or less, diarrhea was observed in 32, usually beginning at 17 to 30 h after exposure. In these diarrheic pigs, feces were usually tan, liquid to creamy in consistency, and often contained yellow flecks of undigested curd.
Since most pigs were euthanatized between 16 and 72 h after exposure, limited data are available on morbidity and mortality at different ages of viral exposure. Observations were made on 16 pigs which were not euthanatized. Of 10 pigs exposed when less than 72 h old, all developed diarrhea, and 9 died. Of six pigs exposed when more than 5 days old, diarrhea was observed in five, and none died.
Gross lesions were evident only in the intestinal tract. The small and large intestines contained abnormal amounts of fluid, and the wall of the small intestines, especially ileum, was thin.
Histologically, the small intestines were characterized by shortening of the villi, especially in the ileum. The crypts were elongated in those segments where villi shortening occurred. These lesions were not usually evident in pigs which were examined at the onset of diarrhea but were seen in pigs several hours after the onset of diarrhea.
Detection The ds RNA preparations derived from the intestinal contents of PaRV-infected gnotobiotic pigs produced electrophoretic migration patterns with 11 resolved segments that differed significantly from the characteristic rotaviral genome electrophoretic migration pattern (Fig.  4) . The electrophoretic migration patterns of the ds RNA preparations from gnotobiotic pigs infected with the C and S strains, although similar, did differ in the electrophoretic mobility of their third-largest ds RNA segment. The electrophoretic migration patterns of the PaRV ds RNA preparations were distinctly different from the electrophoretic migration pattern produced by the reoviral genome (data not shown).
Serology. Neutralizing antibodies for porcine, bovine, or human rotaviruses or for reoviruses 1, 2, or 3 were not detected in sera diluted 1:4 from gnotobiotic pigs convalescing from infection with either the C or S strains of PaRV (Table 1) . As expected, there was some crossreactivity among the three rotaviruses, especially with the hyperimmune bovine rotavirus antiserum, and among the three reoviruses. However, no cross-reactivity was observed among the rotaviruses, the reoviruses, and PaRV. Antibodies for PaRV were detected in convalescent pigs by an indirect IF test, using gut smears from PaRV-infected pigs as an antigen substrate (Table 2) . Antibody titers from convalescent gnotobiotic pigs ranged from 16 to 1,024, and those from hyperimmunized gnotobiotic pigs ranged from 1,024 to 4,096. Antibodies for PaRV were not detected in pigs which had recovered from infection with porcine or human rotavirus or with reovirus 3 (Table 2) .
Cross protection. Gnotobiotic pigs that recovered from infection with either the C or S strain of PaRV were susceptible to infection with porcine rotavirus (OSU). For example, two 8-dayold gnotobiotic pigs were exposed to PaRV (C). Diarrhea occurred in both pigs. At 28 days after exposure, both were serologically positive with PaRV but negative with porcine rotavirus. At this time, they were challenged with porcine rotavirus (OSU), and severe diarrhea occurred. Bovine rotavirus  <4  <4  28  8  6000  <4  Reovirus 1  <4  <4  <4  <4  <4  350  Reovirus 2  <4  <4  <4  <4  <4  78  Reovirus 3  <4  <4  <4  <4  <4 1,150
' Antisera were obtained from gnotobiotic pigs about 21 days after oral infection. except for the bovine rotavirus antiserum, which was obtained from a hyperimmunized gnotobiotic pig. Antibody titers are expressed as reciprocal of the initial serum dilution resulting in an 80% reduction in PFU.
after being challenged with porcine rotavirus. A similar cross-protection test was conducted with the S strain of PaRV and porcine rotavirus, and similar results occurred.
DISCUSSION
We have tentatively given the name porcine pararotavirus to the enteric virus described in this report. It resembles rotavirus in respect to size, morphology, and tropism for enterocytes but is antigenically distinct. We previously described the detection and some characteristics of this virus, but it was associated with two other viruses (15) . This report describes its separation from a mixed viral population, methods for detection, differentiation from the other viruses, and pathogenicity in gnotobiotic pigs.
PaRV We have also shown by neutralization tests that there are marked antigenic differences among PaRV, rotaviruses, and reoviruses. Gnotobiotic pigs which had recovered from PaRV infections were negative for neutralizing antibodies at serum dilutions of 1:4 against porcine, human, or bovine rotaviruses or against reoviruses 1, 2, or 3. As anticipated, some crossreactivity occurred within the rotavirus and reovirus groups (Table 1) .
At present, the Reov'iridae family of viruses are composed of three genera; reoviruses, rota- (15) . As a further distinction, the electrophoretic migration patterns of the PaRV ds RNA preparations differed significantly from the characteristic electrophoretic migration patterns produced by the rotaviral and reoviral genomes. Moreover, these PaRV electrophoretic migration patterns differ from the electrophoretic migration patterns formed by the 10 segments of the orbivirus genomes (19) . These differences provide additional evidence that PaRV is unique and distinct from other known members of the Reoviridae family.
Infection of gnotobiotic pigs with PaRV results in infection of villous enterocytes along the entire small intestines, resulting in villous atrophy and diarrhea. In these respects, PaRV resembles porcine rotavirus and transmissible gastroenteritic virus, a coronavirus. Mortality was 90% in 10 gnotobiotic pigs exposed when less than 72 h old, but was 0% in 6 pigs exposed when more than 5 days old. No information is yet available on the prevalence of this infection in swine.
PaRV infection in pigs can be diagnosed by direct or indirect IF on mucosal smears from the small intestines and by IEM on intestinal contents, using anti-PaRV serum. Specimens should be collected as soon after onset of diarrhea as possible. The virus will infect certain cell lines, such as MalO4 and PK15, as judged by IF. However, effective viral replication has not been established in serial cell culture passages, even when enzyme treatments similar to those previously reported for the successful propagation of rotaviruses are used (1, 11, 16, 20) .
IF examinations of gut specimens collected from infected pigs at various intervals after viral exposure suggest the following sequence of events. Mature enterocytes, as found on the tips of villi, are initially and rapidly infected. These cells are sloughed and replaced by immature enterocytes which are much less susceptible to the virus, resulting in a somewhat self-limiting infection. Thus, for detecting optimal numbers of infected cells by IF, best results were obtained when intestinal specimens were collected at the onset or shortly before the anticipated occurrence of diarrhea, before the majority of infected cells were sloughed into the lumen of the gut.
